The authors describe the establishment of a protocol for organotypic slice culture from the human brain. The main point of this paper is that their model is suitable for neuro-oncology studies. The paper is well written and the data convincingly show what the authors claim. I did appreciate the effort the authors made in establishing a better standard for the slice culture procedure in a model (the human) that is the relevant one for clinical studies. I am therefore positive as for the publication of this paper, but I think the authors should definitely address the following points.
Here is my figure-by-figure comments to the authors. (i) As for the cell loss during slice culture I do recommend the authors to add a TUNEL staining (or caspase) for the acute, 7d and 14d samples to evaluate the extent of apoptosis in the system. This simple staining will make the data set look more quantitative and controlled.
(ii) Is lamination and overall tissue architecture affected by slice culture? The authors should address this point. (i) Here I cite from the text: "We identified a significant loss of the cell-specific expression of neuronal genes between acute and cultured slices". It would be interesting for the readers if the authors were to dig further into the data in Figure 3a , and check if the loss of neuronal genes corresponds to a general loss of all genes (as a consequence of overall neurons loss), or to a loss of a specific set of genes (as consequence of a specific damage to neuronal polarity and/or architecture). Although I understand that this might not be the focus of the authors work and research, I think adding this information will make the data interesting for a bigger audience, and that in turn will increase the impact of this work. Here the authors missed the opportunity of provide a significant insight on the transcriptional differences in astrocytes extracted from two different type of tumors. For example, in panel c, it would be very important to run an unbiased analysis of the transcriptional profiles, focusing on thepotential-difference between astrocytes isolated from the mesenchimal and pro-neuronal GBMinduced tumor. This type of analysis could shed light on the cellular mechanisms responsible for the different infiltration behavior of the two cells lines.
Reviewer #3 (Comments to the Authors (Required)):
The work by Ravi et al. (LSA-2019-00305-T) "Human Organotypic Brain Slice Culture: A novel framework for environmental research in NeuroOncology" describes a human ex vivo model of slice cultures to study invasion in glioblastoma. The topic is very important and interesting, since there is a substantial need for better models to mimic the interactions between glioblastoma cells and brain tissue. Authors have used a large battery of methods to describe the slice cultures and analysed the changes after glioblastoma cell injections. However, because of the importance of this technique it was very disappointing to see that the methods section and the results were poorly represented. Both sections need to be thoroughly revised.
General remarks: Please denote whether you are using standard deviation or standard error of the mean in your graphs and state the sample size for each experiment throughout the whole manuscript. It is not clear whether the cell lines used originated from the same patients. Authors stressed the differences in immunological differences in xenograft models. Similar problems may play a role when co-cultures of human tissues of different origin are used. This aspect should be discussed. The transcriptional characterization of the glioblastoma cell lines GCL-CL1 and GCL-CL2 is mentioned in the text. The parameters analysed are missing. They must be added.
Abstract lines 60-61: Please recheck the sentence. Introduction: Line 73: adapt the term glioblastoma multiforme to the new term of the recent WHO classification. Lines 94-96: I agree with the authors that the presented model is superior to 2 dimensional models, but the scratch wound assay (described in the cited 2005 paper) is not state of the art anymore. There are more complex/better models involving specific coatings or tumor/healthy cell derived extracellular matrix. This would be more appropriate to cite as state of the art. Lines 96-101: The inclusion of subarchnoid space in this sentence should be reevaluated. In majority of cases glioblastomas extend in the brain parenchyma. Lines 111-114: The citation (Tamimi and Juweid 2017) should be placed at right position. In their work there is no word on embryonic tissue. Line 116: Please correct "preserves" to preserve Line 277: Add the missing bracket after "GBM". Lines 282-284: Despite 2d culture models there are 3d culture models as well. Please discuss your model in the light of more recent in vitro models, e.g. 3d hyaluronic acid hydrogel models. Lines 312-314: What is the MGMT status of the used glioblastoma cells? This might impact your results and discussion. Lines 304-307: The authors state the invasion pattern to be similar to in vivo. Please explain the invasion pattern in more detail in the results section that allows such a conclusion. Lines 325-328: The given values should be interpreted with more caution. In case of 40-50% astrocytes and 10-30% microglia the tumor mass should contain 20-50% tumor cells. Methods: Line 378: Please define "OR" on usage. Line 392: Please specify the title. Are human or rat slices meant or both? Line 398: It seems impossible to maximally culture the slices for 12 days but representing data at 14 div. Lines 392-401: How many slices were obtained from one tissue block? Please add the range and the mean number. Lines 403-416: Are the result based of one or of four slices? Lines 424-425: Please state at least the method or a source of how the authors assessed the transduction quality. Line 427: Please state the time of injection after slicing. Lines 430-431: Slices are 300µm thick and shrink during culture time. How the thickness of slices changed during the culture period? Values at 1, 4, 7 and 14 div should be added. How did the authors assure to inject the tumor cells into a roughly similar depth and to avoid placing them on the membrane by penetrating the whole slice? Line 449: "Injection was carried out 24h post slicing, to minimize trauma due to the sectioning procedure". How did the authors assessed that trauma is "low" after 24 h, since in rodent slices this needs approximately one week? Line 455: Please clarify what sections are meant (rat, human, with our without GBM or all?).
Line 464: How was the threshold set? Which algorithm? Line 464: Classical watershedding is efficient only if objects are roughly circular and if objects show no large overlap. Consequently, watershedding can lead to drastically wrong estimates of object counts. Please describe the procedure and results of your evaluation of the accuracy of object splitting. Lines 471-478: What was the reason to use a 20x water immersion objective? The loss of quality is very high as visible in figure 4b. Line 502: Please clarify the working principle of the applied MatLab script. Line 521: Please define the quality score. Line 524: Please define how data was post-processed.
Figures: The legends seem insufficient as the description in the text is not complete. Figure 1 : HE staining is too small to recognize structures. Furthermore, additional images from each state namely 1, 4, 7 and 14 div must be included in overview and in higher magnification. Ravi et al. report on the use of human organotypic brain slices as a tool to study invasion of human glioblastoma cell lines. The topic is of high interest, the work on brain slices technically excellent and the outcome of importance. The work can be published, but I suggest a few modifications for better readability and quality.
1. Abstract: the abstract should be more precise and include also some raw data.
We have now improved the abstract to contain a brief description of the primary results presented in this research report.
2. It is not fully clear why the authors mention data on rodents, as they do not show any data and the human experiments are a clear compact story. This work on rats is not well integrated.
The reviewer is right with this comment. We have now focused the manuscript with only data obtained from human patient donors and removed all extraneous data. We would like to thank the reviewer for this comment. However, this style of reporting results with associated discussions is easier for the flow of the manuscript. A separate discussion section consolidating the results reported in the manuscript is also included after the results section.
6. Rather I suggest to better discuss the data in context and make clearer subheadings; e.g. discuss viability of neurons, discuss serum-free, discuss limits and outlook, discuss in-growth-vascular, discuss brain slices, etc.
The manuscript has been amended to reflect the request of the reviewer. system. This simple staining will make the data set look more quantitative and controlled.
We thank the reviewer for this comment since it does help improve the quality of the manuscript.
We have added the TUNNEL assay data for DIV 1, 4, 7 &14 (Fig 3f,g ) and text can be seen in Line 188 to 199.
(ii) Is lamination and overall tissue architecture affected by slice culture? The authors should address this point.
Based on our imaging data, the tissue cytoarchitecture remains relatively well preserved until DIV7. The data is included in Fig 3a . the authors were to dig further into the data in Figure 3a , and check if the loss of neuronal genes corresponds to a general loss of all genes (as a consequence of overall neurons loss), or to a loss of a specific set of genes (as consequence of a specific damage to neuronal polarity and/or architecture). Although I understand that this might not be the focus of the authors work and research, I think adding this information will make the data interesting for a bigger audience, and that in turn will increase the impact of this work.
We have included more detailed information regarding the genetic expression which can be found in Fig 5 of the manuscript. As the reviewer has commented, further quantification is outside the scope of the manuscript. However, the data will be uploaded to GEO so that other researchers
have the opportunity to further analyze the data to find correlations as mentioned by the reviewer. We agree with this point that the reviewer has raised. However, the primary focus of the work is to present a detailed method that can be used to maintain human neuronal sections viably for up to 14 days in culture, along with the generation of tumor microenvironment. We also present the possibility to viably extract specific cell types from this micro-environment to enable biological dissection of disease pathways. To demonstrate this, we made use of two validated cell lines with known properties and did a qPCR analysis on extracted astrocytes with a reduced gene set derived from previously published reports. The reviewers comment is highly valuable and will be considered for further work.
The General remarks: Please denote whether you are using standard deviation or standard error of the mean in your graphs and state the sample size for each experiment throughout the whole manuscript.
We thank the reviewer for their constructive comment. We have tried to improve the manuscript to the best of our ability during this revision round. All figures are always denoted by standard deviation and we have updated the text to include the sample size.
It is not clear whether the cell lines used originated from the same patients. Authors stressed the differences in immunological differences in xenograft models. Similar problems may play a role when co-cultures of human tissues of different origin are used. This aspect should be discussed.
We strongly agree with the point that the reviewer has made. However, our justification to use cell lines sourced from another patient was so that we knew the properties of the cell lines that were being used, like the classification they fall under, RNA sequencing of the cell line and TMZ resistance so that we could validate the neuro-oncology research platform that we are presenting in this manuscript and that we can manipulate the environment and understand the circuits involved in the context of neuro-oncology.
The transcriptional characterization of the glioblastoma cell lines GCL-CL1 and GCL-CL2 is mentioned in the text. The parameters analysed are missing. They must be added.
This information has been previously published by our research group and have been cited in the manuscript: Line 245
Abstract lines 60-61: Please recheck the sentence.
The sentence has been amended to improve readability. We thank the reviewer for raising this interesting point. There is no guarantee that there is no interaction between the tissue used in this study and the infiltrating front of the tumor. However, this is the healthiest tissue that can be obtained from a living patient.
Lines 156-159: This data is not really shown.
The manuscript has been updated to include this information (Fig 3a,b,c,d ,e or line 159 to 187).
Lines 161-163: p>0.05 does not necessarily imply that there is no difference between two groups.
If you want to provide such information use techniques similar to two one-sided test (TOST).
We have performed additional experiments to further validate the results that were presented.
With the increased sample size, we report that there is a decrease in the number of neurons over the culture period, however, there is no change in the rate at which the neurons are lost over the entire culture duration. The tissue sections retain 80% of the total number of neurons in comparison to acute sections, which is now presented in the updated manuscript (Fig 3b,c,d ,e or line 163 to 187)
Line 166: Please also denote the significant differences between acute slices and 7/14div slices in GFAP in figure 2d .
The figures have been updated to reflect this information. This can be found in Fig 3 d ,e.
Line 176-178: Please explain how it might be possible that the expression levels of the analysed mRNAs are comparable when they obtained from different areas of the brain. Did the authors assume the same signature of occipital temporal or frontal cortices?
We thank the reviewer for this highly insightful comment. We missed mentioning that the RNA sequencing was carried out only from samples obtained from the temporal cortex. The manuscript has been amended to include this information (Fig 5a or line217 o 219 ).
Lines 188 The manuscript has been updated to include all the information regarding the electrophysiological recordings. (Fig 4a,b ,c or Line 207 to 216).
Lines 193-194: Almost 20% of LDH level was measured after 14 div when compared to controls.
Absolute values representing 100% must be added. The reason of decrease explained in detail.
Experiments were repeated again along with TUNNEL assay and data were represented in 100% absolute values. Since the LDH value was measured by means of ELISA, we only have an absorbance value which, to our understanding, by itself does not provide any value to the reader. (Fig 3f,g, We thank the reviewer for pointing out obvious errors in the methodology. We performed additional experiments that reflect physiological conditions and the manuscript has been updated with this information (Fig 6b or 
The text Methods:
Line 378: Please define "OR" on usage.
We have defined the term OR. Just for clarification, it refers to the 'Operating Room'
Line 392: Please specify the title. Are human or rat slices meant or both?
The first version of the manuscript contained both. The updated manuscript reports on work done only in human donor samples.
Line 398: It seems impossible to maximally culture the slices for 12 days but representing data at 14 div.
We thank the reviewer for pointing out this glaring error. We have updated the text to reflect actual numbers.
Lines 392-401: How many slices were obtained from one tissue block? Please add the range and the mean number.
The manuscript has been updated to include this information (Fig 2b or Line 465 to 467).
Lines 403-416: Are the result based of one or of four slices?
The results were based on four slices since the biomass of 1 single slice is too low for any quantification. 4 slices give us about 500mg of tissue sample.
Lines 424-425: Please state at least the method or a source of how the authors assessed the transduction quality.
The transduction quality was measured by regular microscope images.
Line 427: Please state the time of injection after slicing.
The manuscript has been updated to contain this information. Injection was carried out 24 hours post resection and sectioning (Fig 6a or line 241 to 245 ).
Lines 430-431: Slices are 300µm thick and shrink during culture time. How the thickness of slices changed during the culture period? Values at 1, 4, 7 and 14 div should be added. How did the authors assure to inject the tumor cells into a roughly similar depth and to avoid placing them on the membrane by penetrating the whole slice?
We thank the reviewer for this insightful comment. Indeed, there are previous reports regarding the shrinkage of slices obtained from rodent and human slices. To validate these results, we made use of a live imaging system to image the slices over the entire duration of the culture period. To our surprise, the slices show no change in the area during the culture period (up to DIV10). Since these results significantly contradict all previously published reports, we decided to not present this data since further validation needs to be carried out. (Please check the file Section
The injection was carried out by means of a modified stereotactic apparatus, under microscopic control. Briefly, the tip of the injection needle was positioned to create a dimple on the surface of the section. The tip was then lowered till the surface was breached and the cells were injected.
Since the cells are tagged with zsGreen, microscopic validation could be carried out regarding the position of the injected cells.
Line 449: "Injection was carried out 24h post slicing, to minimize trauma due to the sectioning procedure". How did the authors assessed that trauma is "low" after 24 h, since in rodent slices this needs approximately one week?
The results from the TUNEL, LDH assay and GFAP + astrocytes show a significantly lower value on DIV1 in comparison to DIV0 (Fig 3 f, g, h, i) . To our understanding, the injection of GBM cells into the slice post traumatic resection and sectioning might be too much for the tissue to recover from.
Therefore, the 24 hours post sectioning time point was chosen for GBM injection. (Fig 3b,c) .
Lines 471-478: What was the reason to use a 20x water immersion objective? The loss of quality is very high as visible in figure 4b .
The only reason for using the 20x objective was that it is the the only available lens on the 2-Photon setup used in this study.
Line 502: Please clarify the working principle of the applied MatLab script.
The manuscript has been updated to include this information. The detailed information can be found in a previously reported study that has been cited in the text (Line 597).
Line 521: Please define the quality score.
The quality score is measured based on the base calling algorithm albacore (nanopore), defined as -10*log10(Probability of incorrect base call).
Line 524: Please define how data was post-processed.
The data are processed by the online available script: https://github.com/heilandd/NanoPoreSeq
Figures: The legends seem insufficient as the description in the text is not complete.
The manuscript has been updated with updated and improved figure legends.
Figure 1: HE staining is too small to recognize structures. Furthermore, additional images from each state namely 1, 4, 7 and 14 div must be included in overview and in higher magnification.
The manuscript has been updated with new figure panels to improve visibility (Fig 2a) . The manuscript has been updated with detailed figures with respect to the data from the RNAseq results. All the data will be uploaded to GEO so that other researchers have the opportunity to further analyze the data to find correlations as mentioned by the reviewer. The manuscript has been updated with new figure panels to improve visibility (Fig 4b) . The manuscript has been updated with new figure panels to improve visibility (Fig 6e) . Figure 4c : Please improve the display of the figure. In its current form it is hard to decipher.
The manuscript has been updated with new figure panels to improve visibility (Fig 6d) . The ELISA based cytokine measurements have been individually represented with a new figure panel included with this information (Fig 7) . As you will see, the reviewers appreciate the introduced changes and reviewer #3 provides constructive input on how to further improve your manuscript. We would thus be happy to accept your manuscript for publication in Life Science Alliance, pending minor revision to address the the remaining concerns of reviewer #3 and to adhere to our formatting guidelines: -please submit the manuscript text as a docx file -please mention Fig3H and I in the legend -please mention Fig4D-G in the manuscript text and in the legend -please mention FigS2A and B in the legend -please deposit and provide accession codes for the RNA-seq data -please indicate in the figure legends which statistical test has been used -please enter all authors and author contributions in our submission system -please add a summary blurb for your work If you are planning a press release on your work, please inform us immediately to allow informing our production team and scheduling a release date.
To upload the final version of your manuscript, please log in to your account: https://lsa.msubmit.net/cgi-bin/main.plex You will be guided to complete the submission of your revised manuscript and to fill in all necessary information. Please get in touch in case you do not know or remember your login name.
To avoid unnecessary delays in the acceptance and publication of your paper, please read the following information carefully.
A. FINAL FILES:
These items are required for acceptance.
--An editable version of the final text (.DOC or .DOCX) is needed for copyediting (no PDFs).
--High-resolution figure, supplementary figure and video files uploaded as individual files: See our detailed guidelines for preparing your production-ready images, http://www.life-sciencealliance.org/authors --Summary blurb (enter in submission system): A short text summarizing in a single sentence the study (max. 200 characters including spaces). This text is used in conjunction with the titles of papers, hence should be informative and complementary to the title. It should describe the context and significance of the findings for a general readership; it should be written in the present tense and refer to the work in the third person. Author names should not be mentioned.
B. MANUSCRIPT ORGANIZATION AND FORMATTING:
Full guidelines are available on our Instructions for Authors page, http://www.life-sciencealliance.org/authors We encourage our authors to provide original source data, particularly uncropped/-processed electrophoretic blots and spreadsheets for the main figures of the manuscript. If you would like to add source data, we would welcome one PDF/Excel-file per figure for this information. These files will be linked online as supplementary "Source Data" files. **Submission of a paper that does not conform to Life Science Alliance guidelines will delay the acceptance of your manuscript.** **It is Life Science Alliance policy that if requested, original data images must be made available to the editors. Failure to provide original images upon request will result in unavoidable delays in publication. Please ensure that you have access to all original data images prior to final submission.** **The license to publish form must be signed before your manuscript can be sent to production. A link to the electronic license to publish form will be sent to the corresponding author only. Please take a moment to check your funder requirements.** **Reviews, decision letters, and point-by-point responses associated with peer-review at Life Science Alliance will be published online, alongside the manuscript. If you do want to opt out of this transparent process, please let us know immediately.** Thank you for your attention to these final processing requirements. Please revise and format the manuscript and upload materials within 7 days.
Thank you for this interesting contribution, we look forward to publishing your paper in Life Science Alliance.
Sincerely, Andrea Leibfried, PhD Executive Editor Life Science Alliance Meyerhofstr. 1 69117 Heidelberg, Germany t +49 6221 8891 502 e a.leibfried@life-science-alliance.org www.life-science-alliance.org
In the revision, the authors addressed the points raised by the referees in a satisfactory manner. I think that the paper, in its present revised form, is ready to be accepted for publication.
In the revised version the authors have performed additional experiments and addressed almost all points raised by this reviewer. The manuscript is substantially improved and I would like to thank the authors for their efforts. Below mentioned there are few minor points remained that need further consideration before final acceptance. Discussion: Lines 360-361: Please rephrase, because significantly different expression was observed between acute and cultured sections (supplemental figure 1b , neuron), even though differences were small. Methods: Line 437: "at least" Line 472: "three to four" Line 509 (and others): Centrifugation: 5000g (no capital "g") Lines 512, 515: µl or µL The methods section is missing of how "intersections" were measured and defined (supplemental figure 4b), but only states how vessels were detected.
Figures: Figure 1b : Please correct/cut off the graph for the density estimation, as there is no age below zero. Figure 5b : Please indicate the cut-off values used for determining low and high gene expression. Figure 5d -g: Please use an appropriate scale for the y-axis.
Supplementary figure 5a: The gating seems off. Why cutting through the peak with the center at SSC around 10˄4? I would suspect these to be cells as well. If so would this significantly change the astrocyte to tumor cell ratio? Supplemental Videos 1/2: It is not clear what is shown. Supplementary Videos 5/6: They do not seem to work. Please check this. General remark to supplemental videos: A short explanation is needed in similarity to the figures. Reviewer #2 (Comments to the Authors (Required)):
We would like to thank the reviewer for his time and comments leading to an improvement of the manuscript.
In the revised version the authors have performed additional experiments and addressed almost all points raised by this reviewer. The manuscript is substantially improved and I would like to thank the authors for their efforts. Below mentioned there are few minor points remained that need further consideration before final acceptance.
We would like to thank the reviewer for his time and comments leading to an improvement of the manuscript. We thank the reviewer for picking up on this lack of clarity in presentation. We have improved the text and figure legend for clarity. The tumor cells were injected into the slice one day post plating, which is DIV 1. The time points post injection have been now denoted as days post injection (DPI). In this work, we have imaged immediately after injection which is DPI 0 followed by DPI 4, DPI 7 and DPI 14. In the initial two days (which is DPI 1,2) there was a cloud like pattern which is not shown here. All genes were used in the case of this analysis. Thank you for submitting your Research Article entitled "Human Organotypic Brain Slice Culture: A novel framework for environmental research in NeuroOncology". We appreciate the introduced changes and it is a pleasure to let you know that your manuscript is now accepted for publication in Life Science Alliance. Congratulations on this interesting work.
The final published version of your manuscript will be deposited by us to PubMed Central upon online publication.
Your manuscript will now progress through copyediting and proofing. It is journal policy that authors provide original data upon request.
Reviews, decision letters, and point-by-point responses associated with peer-review at Life Science Alliance will be published online, alongside the manuscript. If you do want to opt out of having the reviewer reports and your point-by-point responses displayed, please let us know immediately. ***IMPORTANT: If you will be unreachable at any time, please provide us with the email address of an alternate author. Failure to respond to routine queries may lead to unavoidable delays in publication.*** Scheduling details will be available from our production department. You will receive proofs shortly before the publication date. Only essential corrections can be made at the proof stage so if there are any minor final changes you wish to make to the manuscript, please let the journal office know now.
DISTRIBUTION OF MATERIALS:
Authors are required to distribute freely any materials used in experiments published in Life Science Alliance. Authors are encouraged to deposit materials used in their studies to the appropriate repositories for distribution to researchers.
You can contact the journal office with any questions, contact@life-science-alliance.org Again, congratulations on a very nice paper. I hope you found the review process to be constructive and are pleased with how the manuscript was handled editorially. We look forward to future exciting submissions from your lab.
Sincerely, Andrea Leibfried, PhD Executive Editor Life Science Alliance Meyerhofstr. 1
